Abstract. The aim of the present study was to investigate the clinical significance of TNF receptor-associated factor 6 (TRAF6) expression in urothelial bladder cancer. TRAF6 expression was detected by immunohistochemistry in 126 samples of patients with urothelial bladder cancer. The association between clinicopathological factors and TRAF6 expression was analyzed by χ 2 test. The association between TRAF6 expression, overall survival rate and the recurrence-free survival rate was evaluated in univariate analysis with Kaplan-Meier test and in multivariate analysis with Cox-regression model. In the cohort tested, the rate of high TRAF6 expression was 61.9% (78/126). TRAF6 expression was demonstrated to be significantly associated with positive metastasis (P=0.001) with χ 2 test. Furthermore, TRAF6 expression was demonstrated to be associated with overall survival rate (P=0.016) and recurrence-free survival rate (P=0.016). With Cox-regression model, it was indicate that TRAF6 high expression was an independent predictive factor of poor prognosis (P=0.037) and high recurrence (P=0.011). High TRAF6 expression may predict unfavorable prognosis and high recurrence in urothelial bladder cancer, indicating that TRAF6 may be a potential and promising therapeutic target in urothelial bladder cancer.
Introduction
Bladder cancer is the most frequent malignancy of urinary tract and the 11th most common cancer with an incidence of 5.3 cases per 100,000 worldwide (1) . Compared with developing countries, bladder cancer poses an increased risk to health due to its higher incidence in developed countries (2) . Bladder cancer is the fifth most common type of cancer in Europe with 116,000 new cases per year (3) .
There are various histological types of bladder cancer, including urothelial bladder cancer, squamous carcinoma and adenocarcinoma, of which urothelial bladder cancer is the most frequent type, accounting for >90% of cases (4) . Clinically, bladder cancer can be divided into non-muscle-invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC), with different treatments and outcome (4) . NMIBC accounts for ~75-85% of all bladder cancers, with relatively higher overall survival rates compared with MIBC (5) .
At diagnosis, 15-25% of patients with bladder cancer have muscle-invasion. Although there have been advances in radical cystectomy and systemic therapy, ~50% of these patients with muscle-invasion succumb from metastatic disease (6, 7) . Overall, ~50-80% of all treated patients with transurethral resection have tumor relapse within a period of 2 years and 10-25% of cases may present with a high grade tumor (8) . Discovery of novel effective prognostic or predictive biomarkers may enable the development of therapeutics. Therefore, it is urgently required to search for novel effective and promising biomarkers, which may decrease relapse rate and improve overall survival rate.
Tumor necrosis factor (TNF) receptor-associated factor 6 (TRAF6) is a member of a new family of signaling proteins with a conserved TRAF domain of ~230 amino acids in the C-terminal and zinc finger motifs in the N-terminal (9) TRAF6 may function as an important molecule in activating nuclear factor-κB (NF-κB) by mediating interactions to NF-κB (10) . Inhibition of TRAF6 by short interfering RNA has been demonstrated in in vitro experiments to impair interleukin-1 (IL-1)-induced NF-κB and c-Jun/activator protein 1 activation. This leads to the inhibition of proliferation and promotion of apoptosis in myeloma cells (11, 12 is an E3 ubiquitin ligase, which mediates the synthesis of Lysine-63-linked-polyubiquitin chains conjugated to proteins, including IκB kinase subunit γ (IKBKG), interleukin 1 receptor associated kinase 1 (IRAK1), AKT1, AKT2, ubiquitin conjugating enzyme E2 N and ubiquitin conjugating enzyme E2 V1 (13) . Previously, TRAF6 has been demonstrated to promote oncogenesis by inhibiting apoptosis and stimulating proliferation and invasion as an E3 ubiquitin ligase (14, 15) . Additionally, overexpression of TRAF6 was observed in a number of types of malignancies, including glioma, pancreatic cancer and non-small cell lung cancer (16) (17) (18) . However, the clinical significance and biological effects of TRAF6 remain to be elucidated in bladder cancer.
In the present study, the expression of TRAF6 was detected in 126 cases of urothelial bladder cancer and the cohort was divided according to TRAF6 expression into low and high expression groups. The associations between TRAF6 and clinicopathological factors were analyzed using χ 2 test. Furthermore, the effects of TRAF6 expression on tumor recurrence were analyzed in univariate and multivariate analyses. In addition, we evaluated the associations between TRAF6 expression and other clinicopathological factors.
Patients and methods
Patients and sample collection. Between January, 2005 to December, 2012, a total of 329 patients were diagnosed as bladder cancer and underwent surgical resection (transurethral tumor resection or radical total bladder cystectomy) at the Yidu Central Hospital of Weifang (Weifang, China), which were considered as the primary cohort of the present study.
A total of 126 patients with MIBC and NMIBC were selected for the validation cohort if the following criteria were fulfilled: i) The histological type is urothelial bladder cancer, ii) the patient had follow-ups following surgery, and paraffin-embedded samples were available, and iii) no history of other tumors and no neoadjuvant chemotherapy. The parameters used to evaluate the clinical significance of TRAF6 expression in the present study are overall survival rate and recurrence-free survival rate. Recurrence was defined as any new bladder cancer lesion detected following surgery, and the time of recurrence was defined from time of surgery to diagnosis of new tumors.
Immunohistochemical (IHC) staining.
The tissue samples were deparaffinized for 20 min and rehydrated in graded ethanol according to previous studies (20) (21) (22) . The samples were subsequently incubated in 0.01 M citric acid (pH 6.0) and heated in a microwave for 30 min for antigen retrieval.
Endogenous peroxidase activity was blocked by incubating the samples in 0.3% hydrogen peroxide at room temperature for 10 mins. The slides were incubated in diluted anti-TRAF6 primary antibody (1:50; cat. no. sc-8409, Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at 4˚C overnight, followed by primary antibody retrieval and washed with phosphate buffered saline (PBS). The slides were incubated in horseradish peroxidase-labeled anti-mouse secondary antibody at dilution 1:1,000 (cat. no. A0216, Beyotime Institute of Biotechnology, Haimen, China) at 37˚C for 2 h. Subsequently, the slides were incubated with 3,3'-diaminobenzidine for visualization, and the slides were counterstained with hematoxylin at room temperature for 5 min.
Staining was scored by two senior pathologists, who were unaware of the clinical information of the patients. The samples were scored according to staining intensity and the percentage of positively stained cells, which has been described previously (23, 24) . The staining intensity was scored as weak (score 1), medium (score 2) or high (score 3). The scores for positively stained cells were determined as follows: 25% (score 1), 25-75% (score 2) and 75% (score 3). The final IHC score was calculated as the intensity score multiplied by the score for positively stained cells, which ranged from 1 to 9 (25) . Samples with final scores of ≥4 were defined as high TRAF6 expression and final scores of <4 as low TRAF6 expression.
Statistical analysis. The software SPSS 17.0 (SPSS, Inc., Chicago, IL, USA) was used to analyze all the data and generate the P-values. The associations between TRAF6 expression and clinicopathological features were evaluated by χ 2 test. Kaplan-Meier analysis and log-rank test were performed for analysis of recurrence-free survival and overall survival curves and to evaluate statistical difference. In multivariate analysis, the Cox-regression proportional hazards model was used to identify the independent factors. In all tests, P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of TRAF6 in bladder cancer tissues. Expression of TRAF6 was initially detected by IHC. As a signal mediator of members of the TNF receptor superfamily and members of the Toll/interleukin (IL)-1 family, TRAF6 was primarily expressed in the cytoplasm of bladder cancer cells. IHC results were evaluated by calculating the total IHC score, which was the product of staining intensity and the percentage of positively stained cells as described previously in the Patients and materials section. The validation cohort was further divided according to the level of TRAF6 expression (low and high expression groups), according to the IHC score (Fig. 1) . In the present cohort, the rates of low and high TRAF6 expression were 38.10% (48/126) and 61.90% (78/126), respectively.
Association between TRAF6 expression and clinicopathological factors. χ 2 test was used to evaluate the association between TRAF6 expression and clinicopathological factors, including sex, age, tumor diameter, tumor number, tumor stage, tumor grade and metastasis (Table I) . Notably, TRAF6 high expression was observed to be significantly associated with metastasis (P=0.001), indicating that high TRAF6 may promote the bladder cancer progression and metastasis. However, no significant associations between TRAF6 and other clinicopathological factors were observed.
Correlation between TRAF6 and recurrence rate. The correlation between TRAF6 and recurrence-free survival rate was first analyzed by Kaplan-Meier analysis (Table II) . Only patients with tumor stage Ta-T1 (n=97) were selected for analysis of rate of recurrence-free survival. In univariate analysis, recurrence-free survival rate was demonstrated to be significantly associated with tumor number and TRAF6 expression (P=0.042 and 0.016, respectively; Fig. 2 ; Table II) . Using the Cox-regression model in multivariate analysis, tumor number, tumor grade and TRAF6 expression were identified as independent predictive parameters of bladder cancer recurrence (P=0.008, 0.029 and 0.011, respectively; Table II) .
Effects of TRAF6 expression on patient outcome. The effects of TRAF6 expression on prognosis was subsequently evaluated by analyzing the correlation between TRAF6 expression and 5-year overall survival rates using Kaplan-Meier analysis (Table III) . High TRAF6 expression was demonstrated to be significantly associated with poorer prognosis in patients with urothelial bladder cancer compared with low TRAF6 expression (univariate analysis, P=0.016, 61.0 vs. 47.8%; Fig. 3A) . Apart from TRAF6 expression, tumor number, metastasis status, tumor stage and tumor grade were also identified as prognostic factors in univariate analysis (P= 0.003, P<0.001, P=0.001 and P=0.023, respectively; Fig. 3B-E) .
Metastasis status was excluded from multivariate analysis, because it was indicated to be associated with TRAF6 expression using the χ 2 test in univariate analysis (Table I) . In multivariate analysis, TRAF6 expression was identified as an independent prognostic factor in urothelial bladder cancer (hazard ratio, 2.04; 95% confidence interval, 0.92-4.49; P=0.037; Table III ). Furthermore, additional three factors, including tumor number, stage and grade, were also identified Table I . Associations between TRAF6 expression and clinicopathological factors in urothelial bladder cancer. to be independent prognostic factors (P=0.022, 0.013 and 0.030, respectively; Table III ).
TRAF6 expression --------------------------

Discussion
Bladder cancer was the most common malignancy of the urinary tract worldwide in 2014 and is also prominent for its high recurrence rate in all treated patients (26) . Investigating potential biomarkers may bring about new breakthroughs in strategies on reducing recurrence and survival rate, similar to the discovery of trastuzumab following studies on the human epidermal growth factor receptor-2 (HER2) studies.
Recently, important progress has been made in the biomarker field particularly in new detection techniques in genomics and proteomics (27, 28) . In bladder cancer, a number of accomplishments were achieved, including the Table II . Univariate and multivariate analyses of association between clinicopathological factors and progression-free survival in patients with non-muscle-invasive bladder cancer.
Univariate analysis
Multivariate analysis identification of the gene signatures, which associate with bladder cancer progression (29) . However, basic science research is not sufficient for breakthroughs in bladder cancer treatment. Translational studies, including the study of potential biomarkers, also have an important role in advancing progress in treatment.
The identification of prognostic and predictive markers is of great importance to improve the management of patients and to decrease the rate of mortality. Promising biomarkers may lead to effective therapeutic drug targets and drugs.
TRAF6 has been demonstrated to mediate signal transduction from the TNF receptor superfamily and receptors, including cluster of differentiation 40, tumor necrosis factor superfamily member 11 and IL-1 (10) . These receptors are involved in numerous signaling pathways and tumor processes. Furthermore, ectopic TRAF6 expression was observed in a number of types of cancer, including glioma, pancreas cancer (9, 16) . However, the underlying molecular mechanisms in these types of cancer remain to be elucidated.
In bladder cancer, no previous study on TRAF6 function was reported to the best of our knowledge. However, in a large screen of effective genetic variants in microRNAs (miRNAs) in bladder cancer, TRAF6 was hypothesized as an effector molecule of miR-146a. miR-146a has an notable role in predicting the risk and recurrence of bladder cancer (30) . This supported the results in the present study, which indicated that TRAF6 expression may be a prognostic factor in urothelial bladder cancer.
There are two main intracellular protein degradation pathways in eukaryotic cells: Ubiquitination and autophagy (31) . Ubiquitination is an important post-translational modification that involves the multi-stage stepwise conjugation of proteins to ubiquitin monomers by the ubiquitinating enzymes E1, E2, and E3 (32) . In this process, TRAF6 acts as an E3 ubiquitin ligase, which mediates the conjugation of lysine-63(K63) -linked polyubiquitin chains to targeted proteins, which is responsible for substrate specificity (10) . The substrates of TRAF6-mediated ubiquitination include: IKBKG, IRAK1, AKT1 and AKT2 (33) . In breast cancer, TRAF6 was demonstrated to ubiquitinate the proform of asparaginyl endopeptidase through K63-linked polyubiquitin therefore promoting invasion and metastasis in breast cancer (34) . However, whether TRAF6 functions as an oncogenic factor in bladder cancer by facilitating the ubiquitination of a Table III . Associations between clinicopathological factors and prognosis in urothelial bladder cancer.
Multivariate analysis downstream key molecule remain unknown. The authors of the present study.
The finding in the present study that TRAF6 overexpression is associated with the higher recurrence and poorer prognosis may trigger further interests in researching the underlying function of TRAF6 in bladder cancer and further investigation into potential chemotherapeutics for the treatment of bladder cancer.
In conclusion, TRAF6 expression was detected in 126 urothelial bladder cancer samples, and the clinical significance of TRAF6 expression was analyzed. It was demonstrated that TRAF6 expression was significantly associated with metastasis status, indicating that TRAF6 may promote the tumor invasion. In univariate and multivariate analysis, it was indicated that.
TRAF6 expression was an independent factor, which may predict bladder cancer recurrence and prognosis.
